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Neuropeptide Y, peptide YY and C-terminal fragments release
histamine from rat peritoneal mast cells
'Lars Grundemar & Rolf Hakanson

Department of Pharmacology, University of Lund, Lund, Sweden

1 Neuropeptide Y (NPY) and peptide YY (PYY) seem to act on at least two receptor sybtypes, Yj and
Y2. The Y1-receptor requires the whole C-terminally amidated NPY/PYY molecule whereas the
Y2-receptor in addition recognizes C-terminal fragments of the two peptides. The present study was

designed to elucidate whether NPY and related peptides were able to release histamine from isolated
peritoneal mast cells of the rat.
2 NPY, NPY 15-36, NPY 22-36, NPY 26-36 and desamido-NPY evoked a concentration-dependent
release of mast-cell histamine. The pEC15 values for NPY 15-36 and NPY 22-36 were higher, while the
pEC15 value for NPY 26-36 was lower than that for NPY. At the highest concentration tested (0.1 mM),
NPY and its C-terminal fragments released between 30 and 40% of the total histamine content. At the
same concentration desamido-NPY released about 20%.
3 PYY and PYY 15-36 also evoked a concentration-dependent release of mast-cell histamine. PYY was

more effective than PYY 15-36 since, at 0.1 mM, PYY released about 33%, while PYY 15-36 released
about 15% of the total histamine content. Pancreatic polypeptide (PP) and the Y1-receptor-selective
agonist [Pro34]NPY were virtually inactive.
4 The effect profile of the NPY/PYY-related peptides suggests that they act on the mast cells by a

mechanism that does not involve either of the receptor subtypes hitherto described. The kinetics of the
NPY-evoked histamine release may suggest that positively charged amino acid residues of NPY/PYY
release mast-cell histamine by a non-receptor mechanism, as has been suggested for substance P and other
basic peptides.

Keywords: Neuropeptide Y; peptide YY; C-terminal fragments; histamine release; mast cells of rat

Introduction

Neuropeptide Y (NPY) is a 36 amino acid peptide with a wide
distribution in the peripheral nervous system (Lundberg et
al., 1982b). It is found in many sympathetic fibres, notably
around blood vessels (Ekblad et al., 1984; Uddman et al.,
1985; Sundler et al., 1986). Peptide YY (PYY) is a gut
hormone (Lundberg et al., 1982a; Bottcher et al., 1984) that
displays 70% homology with NPY. NPY and PYY seem to
act on at least two receptor subtypes. The Y,-receptor is
located postjunctionally and is able to evoke vasoconstriction,
whereas the Y2-receptor seems to inhibit transmitter release
(for a review see Wahlestedt et al., 1990). We have recently
shown that NPY elicits a biphasic blood pressure response
(pressor response followed by a depressor response) in the
anaesthetized rat, and that the depressor response is abolished
by pretreatment with a histamine H,-antagonist or with the
histamine liberator compound 48/80, suggesting that the
depressor response reflects release of mast cell histamine
(Grundemar et al., 1990). Similarly, recent data suggest that
the depressor response evoked by various C-terminal NPY
fragments is also abolished by pretreatment with histamine
H1-receptor antagonists (Wahlestedt et al., 1990).

In the present study we examined whether NPY, PYY or

C-terminal fragments of NPY and PYY are able to release
histamine from rat peritoneal mast cells.

Methods

Adult male Sprague-Dawley rats (freely fed, body weight 300-
350g) were killed by decapitation. Peritoneal cells, consisting
of 3-6% mast cells (Padawer, 1963; Kurose & Saeki, 1981),
were obtained by peritoneal lavage with 10ml buffered salt
solution (BSS), containing NaCl 145 mM, KCI 2.7 mm and 10%
(v/v) Sorensen phosphate buffer (Na2HPO4 + KH2PO4,
67 mm, pH 7.0). After gentle abdominal massage for 5 min, the
intra-abdominal mast cell-rich fluid was removed with a
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pipette. The abdominal fluid was centrifuged at approximately
300g for 5 min at room temperature. The precipitated cells
were resuspended in 10 ml BSS to which was added 1 mgml- '

bovine serum albumin (BSA) (Armour, Kankakee, IL, U.S.A.).
The cell suspension was washed twice with BSA. Finally, the
cells were suspended in 20ml BSA at room temperature and
aliquots of 90,pl were transferred to polypropylene test tubes
and preincubated for 5 min at 370C before adding the peptide
in a volume of 10pul BSS. Each individual experiment included
the concentration range of each peptide. The mixture was
incubated for 5 min at 37'C and the reaction was interrupted
by placing the samples in ice. They were then centrifuged at
600 g for 5min at 40C. Aliquots (0.1 ml) of the supernatant
were taken for direct fluorometric assay of histamine
(Hakanson & Ronnberg, 1974). The sediment was suspended in
1 ml boiling redistilled water and centrifuged at 600 g for 5 min
at 40C. Aliquots (0.1 ml) of the supernatant were assayed for
histamine. All determinations were made in duplicate. The
amount of histamine released was expressed as a percentage of
the total amount of histamine present in the peritoneal cells at
the start of the experiment. The results were corrected for
4-5% spontaneous release.
The pEC15 values (the negative logarithm of the concentra-

tion that releases 15% of the total histamine content) were
estimated by interpolation from the pseudo-rectilinear por-
tions of the concentration-response curves. Results are
expressed as means + s.e.mean; n, is the number of indepen-
dent experiments. Statistical analysis of the difference between
pEC15 values were performed by means of two-tailed
unpaired Student's t test and modified by the Bonferroni
method for multiple comparisons (Wallenstein et al., 1980).
P < 0.05/4 = 0.012 was considered significant.

Drugs

Porcine (p) NPY, NPY 22-36, human desamido-NPY (NPY
without the C-terminal amide), pPYY and rat pancreatic poly-
peptide (PP) were purchased from Peninsula, UK. pNPY
15-36 and pPYY 15-36 were synthesized by solid-phase syn-
thesis and purified to at least 96% by high performance liquid
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Table 1 Histamine-releasing effect of neuropeptide Y
(NPY), peptide YY (PYY), their C-terminal fragments and
related peptides

pEC1_ values n

NPY 1-36
NPY 15-36
NPY 22-36
NPY 26-36
desamido-NPY
PYY
PYY 15-36
[Pro34]NPY
PP

-7 -6 -5 -4
log [NPY analogue (M)]

Figure 1 Concentration-response curves for histamine release from
rat peritoneal mast cells evoked by neuropeptide (NPY) 1-36 (@),
NPY 15-36 (Q), NPY 22-36 (-) and NPY 26-36 (El). n = 6-9 inde-
pendent experiments.

chromatography (h.p.l.c.) (W. Krzeminski, Ferring AB,
Malmo, Sweden). NPY 26-36 was synthesized by solid phase
synthesis and purified to at least 96% by h.p.l.c. (Dr H. Fran-
zen, Dept. of Medical Chemistry, University of Lund,
Sweden). p[Pro34]NPY was a kind gift from Prof. T. W. Sch-
wartz, Copenhagen, Denmark. Stock solutions were prepared
and diluted with 0.9% saline.

Results

NPY, NPY 15-36, NPY 22-36, NPY 26-36 as well as
desamido-NPY released histamine concentration-dependently
from rat peritoneal mast cells (Figures 1 and 2). No
concentration-response curve reached maximum. The pEC15
values for NPY 15-36 and NPY 22-36 were higher, while the
pEC15 value for NPY 26-36 was lower than that for NPY
(Table 1). At the highest concentration tested (0.1 mM) NPY,
NPY 15-36, NPY 22-36 and NPY 26-36 released 30-40% of
the total histamine content. The histamine release evoked by
desamido-NPY was about 20% (Figure 2). In a series of
experiments it was shown that the NPY-evoked histamine
release reached maximum within lO s (Figure 3).

5.6 + 0.1
5.9 + 0.0w
6.0 + 0.1*
5.1 + 0.1*
(+)

5.5 + 0.1
(+)
(+)
(+)

Values are means + s.e.mean from 3-6 independent experi-
ments. * P < 0.012 for the difference between pECl, values
for analogues and fragments versus NPY 1-36. (+), histamine
release less than 25% of the total histamine content at 0.1 mM
peptide.

PYY and PYY 15-36 also released histamine concentration-
dependently (Figure 2). The pEC15 values for PYY and NPY
were similar (Table 1). PYY 15-36 was much less effective than
PYY, since at 0.1 mM PYY released about 27%, while PYY
15-36 released about 13% of the total histamine content
(Figure 2). [Pro34]NPY and PP had virtually no effect. At the
highest concentration tested (0.1 mM), [Pro34]NPY and PP
evoked a histamine release of 6.5 + 0.3% (n = 3) and
7.2 + 0.2% (n = 3), respectively.

Discussion

The depressor component of the biphasic blood pressure
response to NPY in the anaesthetized rat can be abolished by
pretreatment with histamine Hl-receptor antagonists or with
the histamine liberator compound 48/80, implying that NPY
is able to release histamine from a mast cell pool (Grundemar
et al., 1990). Similarly, several studies have shown that injec-
tions of short C-terminal NPY fragments evoke hypotension
in the rat (Boublik et al., 1989a, b; Scott et al., 1990) and this
response is also blocked by pretreatment with histamine
Hl-receptor antagonists (Wahlestedt et al., 1990).
The present study has demonstrated that NPY, NPY 15-36,

NPY 22-36, NPY 26-36 as well as desamido-NPY
concentration-dependently released histamine from rat perito-
neal mast cells. Thus, the present results are in accordance
with the suggestion that the hypotensive effect of NPY and its
C-terminal fragments can be attributed to mast cell-dependent
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Figure 2 Concentration-response curves for histamine release from
rat peritoneal mast cells evoked by peptide YY (PYY) 1-36 (*), PYY
15-36 (O) and desamido-NPY (0). n = 3-6 independent experiments.
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Figure 3 Time course of the neuropeptide Y (NPY)-evoked hista-
mine release. In separate experiments NPY (1OpM, n = 3) was incu-
bated for IOs, 1 and 5 min, respectively.
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release of histamine (Grundemar et al., 1990; Wahlestedt et
al., 1990). Also PYY and PYY 15-36 evoked a concentration-
-dependent release of histamine, while PP and [Pro34]NPY
were virtually inactive.
NPY and PYY are thought to act on at least two receptor

subtypes, referred to as Y1 and Y2 (Wahlestedt et al., 1986,
1990). The Y1-receptor seems to require the whole NPY/PYY
molecule to become fully activated; whereas C-terminal frag-
ments of the two peptides are markedly less potent (Rioux et
al., 1986; Wahlestedt et al., 1986; Grundemar et al., 1991).
Recently, a selective Yl-receptor agonist was constructed,
[Pro34]NPY, which seems to be equipotent with NPY on the
Y,-receptor, while having virtually no affinity to the
Y2-receptor (Krstenansky et al., 1990), The Y2-receptor recog-
nizes not only the whole NPY/PYY molecule, but also C-
terminal fragments of the two peptides. In fact, NPY
13-36/PYY 13-36 are only about one order of magnitude less
potent than NPY/PYY (Wahlestedt et al., 1986; Grundemar
& Hakanson, 1990). Very short fragments, such as NPY 26-
36/PYY 26-36 are inactive (Grundemar & HAkanson, 1990).
PYY and NPY are approximately equipotent, while
desamido-NPY exerts no activity on either receptor subtype
(Wahlestedt et al., 1986; Grundemar & Hakanson, 1990). PP
displays 50% homology with NPY but has no activity on
either of the Yl-/Y2-receptors.
The question arose as to how NPY activates mast cells to

release histamine. Since NPY 15-36 and NPY 22-36 were at
least as active as NPY and since the selective Yl-receptor
agonist [Pro34]NPY was virtually inactive, the mast cells do
not seem to express Y1 receptors. PYY 15-36 was much less

effective than either NPY or PYY, while NPY 26-36 was as
effective as NPY but with a lower pEC15 value; these results
are not in agreement with the properties of the Y2-receptor.
Moreover, desamido-NPY was active, albeit less so than the
parent molecule. Taken together, the effect profile of the NPY/
PYY-related peptides suggests that they release mast cell his-
tamine by a mechanism distinct from the proposed
Y1-/Y2-receptor subtypes. Conceivably, the positively charged
amino acids of the NPY/PYY molecules activate G proteins
in the mast cell membrane by a non-receptor mechanism, as
has been suggested for tachykinins and other basic peptides
(Mousli et al., 1990). In support for a non-receptor mecha-
nism, the kinetics of the histamine release by substance P and
mastoparan are very rapid (less than lOs) (Mousli et al., 1989;
1990). Similarly, the NPY-evoked histamine release reached
maximum within lOs. Since PP and [Pro34]NPY were inac-
tive, the naturally occurring Pro34 in PP and the substitution
of Pro34 in NPY could have an important conformational
effect on the peptides, which may be sufficient to alter the rela-
tive disposition of the flanking arginine residues.
Whether the NPY-evoked release of mast cell histamine is

physiologically relevant is unclear. Interestingly, mast cells are
numerous around blood vessels and nerves (Stead et al., 1989;
Nilsson et al., 1990). Possibly, the NPY-evoked release of mast
cell histamine contributes to the sympathetic control in
certain vascular beds.

This study was supported by grants from the Swedish MRC (04x-
1007) and the Royal Swedish Academy of Sciences. The authors wish
to thank Britt Carlsson for excellent technical assistance.

References

BOUBLIK, J.H., SCOTT, N.A., BROWN, M.R. & RIVIER, J.E. (1989a). Syn-
thesis and hypotensive activity of neuropeptide Y fragments and
analogs with modified N- or C-termini or -substitutions, J. Med.
Chem., 32, 597-601.

BOUBLIK, J., SCOTT, N., TAULONE, J., GOODMAN, M., BROWN, M. &
RIVIER, J. (1989b). Neuropeptide Y and neuropeptide Y 18-36.
Structural and biological characterization. Int. J. Pept. Protein
Res., 33, 11-15.

B(TTCHER, G., SJOLUND, K., EKBLAD, E., HAKANSON, R., SCH-
WARTZ, T.W. & SUNDLER, F. (1984). Coexistence of peptide YY
and glicentin immunoreactivity in endocrine cells of the gut. Regul.
Pept., 8, 261-266.

EKBLAD, E., EDVINSSON, L., WAHLESTEDT, C., UDDMAN, R. &
HAKANSON, R. (1984). Neuropeptide Y co-exists and co-operates
with noradrenaline in perivascular fibers. Regul. Pept., 8, 225-235.

GRUNDEMAR, L. & HAKANSON, R. (1990). Effects of various neuro-
peptide Y/peptide YY fragments on electrically evoked contrac-
tions of the rat vas deferens. Br. J. Pharmacol., 100, 190-192.

GRUNDEMAR, L., MORNER, S.E.J.N., HOGESTATT, E.D., WAHLES-
TEDT, C. & HAKANSON, R. (1991). Characterization of vascular
receptors for neuropeptide Y. Br. J. Pharmacol., (in press).

GRUNDEMAR, L., WAHLESTEDT, C., SHEN, G., ZUKOWSKA-GROJEC,
Z. & HAKANSON, R. (1990). Biphasic blood pressure response to
neuropeptide Y in the anesthetized rat. Eur. J. Pharmacol., 179,
83-87.

HAKANSON, R. & R6NNBERG, A. (1974). Improved fluorometric assay
of histamine: Condensation with o-phtalaldehyde at -200C. Anal.
Biochem., 60, 560-567.

KRSTENANSKY, J.L., OWEN, T.J., PAYNE, M.H., SHATZER, S.A. &
BUCK, S. H. (1990). C-terminal modifications of neuropeptide Y
and its analogs leading to selectivity of the mouse brain receptor
over the porcine spleen receptor. Neuropeptides, 17, 117-120.

KUROSE, M. & SAEKI, K. (1981). Histamine release induced by neuro-
tensin from rat peritoneal mast cells. Eur. J. Pharmacol., 76, 129-
129.

LUNDBERG, J.M., TATEMOTO, K., TERENIUS, L., HELLSTROM, P. M.,
MUTT, V., HOKFELT, T. & HAMBERGER, B. (1982a). Localization
of the polypeptide YY (PYY) in gastrointestinal endocrine cells
and effects on intestinal blood flow and motility. Proc. Natl. Acad.
Sci. U.S.A., 79, 4471-4475.

LUNDBERG, L.M., TERENIUS, L., HOKFELT, T., MARTLING, C.R.,
TATEMOTO, K., MUTT, V., POLAK, J., BLOOM, S.R. & GOLDSTEIN,
M. (1982b). Neuropeptide Y (NPY)-like immunoreactivity in per-
ipheral noradrenergic neurons and effects of NPY on sympathetic

function. Acta Physiol. Scand., 116, 477-480.
MOUSLI, M., BRONNER, C., BUEB, J-L., TSCHIRHART, E., GIES, J-P. &

LANDRY, Y. (1989). Activation of rat peritoneal mast cells by sub-
stance P and mastoparan. J. Pharmacol. Exp. Ther., 250, 329-335.

MOUSLI, M., BUEB, J-L., BRONNER, C., ROUOT, B. & LANDRY, Y.
(1990). G protein activation: a receptor-independent mode of
action for cationic amphiphilic neuropeptides and venom peptides.
Trends Pharmacol. Sci., 11, 358-362.

NILSSON, G., ALVING, K., AHLSTEDT, S., HOKFELT, T. & LUND-
BERG, J. M. (1990). Peptidergic innervation of rat lymphoid tissue
and lung: Relation to mast cells and sensitivity to capsaicin and
immunization. Cell Tissue Res., 262, 125-133.

PADAWER, J. (1963). Quantitative studies with mast cells. Ann. NY
Acad. Sci., 103, 87-138.

RIOUX, F., BACHELARD, H., MARTEL, J-C. & ST-PIERRE, S. (1986). The
vasoconstrictor effect of neuropeptide Y and related peptides in
the guinea pig isolated heart. Pept., 7, 27-31.

SCOTT, N.A., MICHEL, M.C., BOUBLIK, J.H., RIVIER, J. E., MOTO-
MURA, S., CRUM, R.L., LANDON, M. & BROWN, M.R. (1990). Dis-
tinction of NPY receptors in vitro and in vivo II. Differential
effects ofNPY and NPY418-36). Am. J. Physiol., 559, H174-H180.

STEAD, R.H., DIXON, F., BRAMWELL, N.H., RIDDELL, R.H. & BIENEN-
STOCK, J. (1989). Mast cells are closely opposed to nerves in the
human gastrointestinal mucosa. Gastroenterology, 97, 575-585.

SUNDLER, F., HAKANSON, R., EKBLAD, E., UDDMAN, R. & WAHLES-
TEDT, C. (1986). Neuropeptide Y in peripheral adrenergic and
enteric nervous systems. Int. Rev. Cytol., 102, 234-269.

UDDMAN, R., EKBLAD, E., EDVINSSON, L., HAKANSON, R. &
SUNDLER, F. (1985). Neuropeptide Y-like immunoreactivity in
perivascular nerve fibres of the guinea-pig. Regul. Pept., 10, 243-
258.

WAHLESTEDT, C., GRUNDEMAR, L., HAKANSON, R., HEILIG, M.,
SHEN, G. H., ZUKOWSKA-GROJEC, Z. & REIS, D.J. (1990). Neuro-
peptide Y receptor subtypes, Y1 and Y2. Ann. NY Acad. Sci., 611,
7-26.

WAHLESTEDT, C., YANAIHARA, N. & HAKANSON, R. (1986). Evidence
for different pre- and -post-junctional receptors for neuropeptide Y
and related peptides. Regul. Pept., 13, 317-328.

WALLENSTEIN, S., ZUCKER, C.L. & FLEISS, J.L. (1980). Some sta-
tistical methods useful in circulation research. Circ. Res., 47, 1-9.

(Received December 10, 1990
Revised June 26, 1991

Accepted July 19, 1991)


